T memory cells specifically responsive to ovalbumin and performing the diverse functions of DNA synthesis, lymphotoxin release, and regulation can be isolated in enriched numbers in the most buoyant fractions (A+B) of bovine serum albumin gradients on slay 9 after sensitization. At least 20-30% of these cells are capable of mounting a blastogenic response to ovalbumin. A+B cells responding to ovalbumin with DNA This study is directed to three lymphocytic functions: the DNA synthetic response after restimulation, lymphotoxin production, and nonspecific suppression of the phytohemagglutinin (PHA) response by antigen. We have previously shown that in rats, after footpad injection with ovalbumin (OA) in complete adjuvant, the DNA synthetic response of draining lymph node cells on restimulation in vitro with OA peaks at day 9 (1). A peak in the ability of the same cells to form lymphotoxin in response to OA also is seen at day 9 (2). Finally, the nonspecific suppression of PHA responses by antigen (3) observable as early as 6-12 hr after a primary injection of OA (4) is strongly expressed at 9 days in adjuvant-injected animals and appears to be associated with a population of glass-wool-adherent cells (4, 5) .
vine serum albumin gradients on slay 9 after sensitization. At least 20-30% of these cells are capable of mounting a blastogenic response to ovalbumin. A+B cells responding to ovalbumin with DNA synthesis have adherent properties and are further enriched on passage through glass wool. The subpopulations capable of entering into blastogenesis and DNA synthesis and of lymphotoxin release are unresponsive to T mitogens.
A+B cells are capable of either potentiating or suppressing DNA synthetic responses to both phytohemagglutinin and antigen when added to 5 X 105 D cells in different proportions. Potentiation or suppression of phytohemagglutinin responses were observed with 1 X 105 A+B cells, and total suppression was observed with A+B in the range of 4 X 103 to 2 X 104. The response to antigen was sometimes inhibited in the same cell combinations that gave a potentiated response to phytohemagglutinin and vice versa. Regulatory cells in this system were not macrophages since their effect was not mimicked by addition of peritoneal macrophages, and ablation of macrophages by carrageenan affected neither the potentiation nor suppression.
This study is directed to three lymphocytic functions: the DNA synthetic response after restimulation, lymphotoxin production, and nonspecific suppression of the phytohemagglutinin (PHA) response by antigen. We have previously shown that in rats, after footpad injection with ovalbumin (OA) in complete adjuvant, the DNA synthetic response of draining lymph node cells on restimulation in vitro with OA peaks at day 9 (1) . A peak in the ability of the same cells to form lymphotoxin in response to OA also is seen at day 9 (2) . Finally, the nonspecific suppression of PHA responses by antigen (3) observable as early as 6-12 hr after a primary injection of OA (4) is strongly expressed at 9 days in adjuvant-injected animals and appears to be associated with a population of glass-wool-adherent cells (4, 5) .
To further study T cell heterogeneity (reviewed in ref. 6 ), we have used a combination of techniques based on changes in cell density and adherence properties, associated with clonal expansion and/or activation during the sensitization process, and have isolated a distinct T cell population specifically responsive to OA and capable of performing the different functions described above. Abbreviations: OA, ovalbumin; PHA, phytohemagglutinin; Con A, concanavalin A; T cell, thymus-derived cell. * Paper II in the series entitled "Kinetic study of T lymphocytes after sensitization against soluble antigen." Paper I is ref. 1. MATERIALS AND METHODS Sensitized Cells. Inbred DA rats (males, 6-8 weeks of age) received OA (ovalbumin, 5 X crystalline, Nutritional Biochemicals Corp., Cleveland, Ohio), 100 ,gg in Freund's complete adjuvant delivered by multiple injections in both hind footpads (1) . For kinetic studies, animals to be compared were immunized with a single batch of antigen in complete Freund's adjuvant. Inguinal lymph node cells were washed and counted and their viability was determined (>98%) by trypan blue dye exclusion (1) .
Separation of OA-Sensitized LNC. 1. Bovine serum albumin gradients: LNC were separated on discontinuous gradients (bovine serum albumin, lot 126, Miles Laboratories, Kankakee, Ill.) as described (1) . Pools7 of cells harvested from the density interfaces and related interband regions were designated A, B, C, and D, beginning with the least dense band, and P (pellet) (Fig. 1) . Viability of cells after washings was always >95%, excluding P (>85%). Bands A+B were combined because of low yields. 2 
RESULTS
Separation of OA-Sensitized Lymphocytes (1). Data reported in detail elsewhere (1, 10) establish that the peak DNA synthetic response of unfractionated LNC, on restimulation with specific antigen, is at 9-12 days after sensitization. After separation maximal response to OA on day 9 is associated with cells of fraction A+B, although antigen responsive cells are distributed among all bands. A+B cells give a minimal response to PHA or Con A. The maximal responses to these mitogens on any day after sensitization are always in D and C, respectively (Fig. 1) . Addition of 1-4% purified macrophages to the cultures did not affect the levels of response.
Lymphotoxin Production. Cells in fraction A+B also showed the capacity to kill virtually all of a target monolayer of syngeneic fibroblasts (Table 1) . This response was elicited on stimulation with OA, PHA again proving ineffective. This effect was shown to be mediated by a supernatant factor, presumably lymphotoxin (2 thetic response to OA was ablated by treatment with T specific antiserum plus C (Fig. 3) .
Regulation of the PHA Response by Cells of Fraction A+B. When 1 X 105 A+B cells, themselves unresponsive to PHA, were added to 5 X 105 sensitized or normal D band cells or to normal nonadherent lymph node or spleen cells, PHA responses by all of these cell types were potentiated 5-to 10-fold (11) . In more recent experiments with these cell numbers (Fig. 4) , potentiation was sometimes observed (Exps. 1, 2, and 6 in Fig. 4 (22, 23) . Cells in A+B possess surface receptors for PHA (Cone, Durkin, and Waksman, preliminary observations), and there are antigen-reactive cells in D. Thus the simplest possibility is direct triggering of mediator release by the stimulant, the observed result depending on the number of cells responding and the relative amounts of different mediators. It is equally possible, however, that there are feedback effects (24, 25) . Striking examples of such effects involving interaction of immune and normal T cells and resulting in suppression are provided by recent studies of Gershon et al. (26) , Calkins et al. (27) , and Eardley and Gershon (28) . The complexity of the interactions taking place in our system is underscored by the demonstration that the response to antigen was sometimes inhibited in the same cell combinations that gave a potentiated response to PHA and vice versa. It is clear that both normal and immune T cells are involved in the regulatory function.
The cells incriminated as suppressors in different systems do not conform to a single description. Suppression is seen with unstimulated rat spleen (5) and thoracic duct (29) cells. After a large systemic dose of antigen, suppressor activity is increased in the spleen and is demonstrable in the lymph node as well (4) . Both the unstimulated splenic suppressor cell and the antigen-stimulated suppressor cell share with the sensitized T cell the property of adherence to glass wool (5, 6, 11) . These are not macrophages, since their effect is not mimicked by addition of normal peritoneal macrophages or macrophages from rats given a large dose of antigen to the system (4, 5, and present study), nor does ablation of macrophages by carrageenan affect either the potentiation or suppression. Presumably both effects represent direct lymphocytic functions. The possibility of feedback effects between different types of cells implies that different cells will be described as helpers or suppressors depending upon how one looks at them.
